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CHAPTER I 
I N T R O D U C T I O N 
1.1 General 
Spectroscopic studies of polyatomic molecules are complex 
in nature due to the fact that they involve the simultaneous 
determination of several molecular parameters i.e., the 
electronic charge distribution, harmonic and anharmonic 
vibrational constants due to existence of different types of 
force fields binding the atoms and the rotational constants 
obtained from the fine structure of a typical vibrational band. 
Vibrational states of matter, whether gaseous, liquid or 
solids, are perhaps one of the most extensively investigated 
set of quantum states accessible to a collection of interacting 
atoms. Vibrational spectroscopy, involving absorption of 
electromagnetic radiation as well as scattering and diffraction 
of particles (photons, electrons, neutrons, etc.) provides a 
very powerful tool in the investigation of the molecular 
structure. In fact, the investigations dealing with absorption 
in IR and the inelastic scattering of photons (Raman 
scattering) play a major role in unravelling the complex 
structure and dynamical behaviour of many-particle systems in 
crystalline as well as noncrystalline amorphous solids. The 
advent of laser era, which is able to provide a highly 
coherent, intense, monochromatic and polarized beam of light, 
led to a renaissance in the field of Raman spectroscopy. 
Moreover, the recent advances in the field of computers and 
microprocessor based systems have led to rapid growth of the 
Fourier Transform Infrared Spectroscopy resulting in greater 
throughput and better resolution in the far-infrared region. 
In vitreous state spectroscopy, the vibrational spectrum 
occupies an important position in the determination of glass 
structure. Simon reviewed the IR and Raman spectral studies 
in some simple inorganic glasses. An extensive survey upto 
2 1970 was also undertaken by J. Wong and C.A. Angel which 
included a larger variety of glass systems ranging from the 
conventional oxide based materials to chalcogenides and glassy 
salt systems. While a large number of investigations in the 
past had been carried out on these glasses in the mid-infrared 
region, it is only recently that interest in the spectral 
studies in the far-infrared region and also the low frequency 
Raman measurements made possible by the use of intense laser 
sources has grown very rapidly. Studies of these low 
frequency vibrational modes in glasses are motivated by their 
relation to thermal, acoustic and dielectric properties. The 
temperature range of investigation has also been extended both 
to low temperature as v/ell as to the high temperatures. 
Both B„0-, and SiO„ are well known glass former oxides. 
The number of borate glasses identified is continuously 
increasing and their use is now widespread in diverse fields. 
In recent years, interest in borate glasses has grown again due 
to the observation in these systems of exceptionally high ionic 
3 + 
conductivities ; alkaline and Ag ions are the species 
responsible for so-called "fast ion conduction". Vitreous 
v-B„0-, has also important technological applications as an 
additive in SiO„ based bulk glass, fibres and thin films. The 
material is expecially interesting because of the fact that 
v-B„0-, consists primarily of planar hexagonal B^O^ boroxol 
rings , interconnected (at the boron sites) by bridging oxygen 
atoms or BO^. In this model, it is the disorder in the 
interconnection of the boroxol rings that accounts for the 
noncrystalline nature of the glass. The important feature of 
the Raman spectrum of v-B„0-^ is an intense, polarized and very 
very sharp peak near 806 cm (4^ 5 cm ) , which is assigned to 
the symmetric breathing mode of the oxygen atoms in the boroxol 
rings with very little boron motion involved. This sharp and 
intense peak is consequently ascribed to the large number of 
these rings present per unit volume . Johnson and coworkers 
described a model which indicates that at roan temperature, 
there is an equal concentration of boroxol rings and BO^ 
triangles. With extreme temperature variation from very low to 
high values, the intensity and position of this Raman line 
remains remarkably constant. Thus it can be inferred that the 
band near 806 cm is the dominating representative of the 
B„0-, amorphous matrix. 
Super ionic conductors as solid electrolytes can be used 
in storage batteries which may serve the best solutions to the 
3 . . problem of energy storage. Recent investigations on this 
subject shov; that important advantages are obtained v/ith 
the utilization of the glassy materials as solid electrolytes. 
So the binary borate glasses B^O, - x ri„0 [M = Li, Na, K, Rb, 
Cs and Tl ] are currently used as vitreous matrices for the 
development of ionic conductors. The conduction mechanism is 
related to the jump motions of the alkali cations in the glass 
network. From the fundamental point of viev;, the study of such 
systems offers the possibility of understanding the role of 
metal cation in amorphous substances over a wide concentration 
range. 
In the present work, Raman spectra of vitreous B„0^ have 
been studied at room temperature. This work has further been 
supplemented by the spectral study of the soda borate glass and 
role played by Na cation in such systems. As a complementary 
to the study of the v/ork, IR spectral study of the same has 
been performed. 
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1.2 Molecular Vibrational Spectra 
The total energy of a free molecule may be associated with 
its electronic, vibrational and rotational motions, provided 
the contribution due to the translational motion is negligible. 
For a particular electronic state, the charge distribution, 
during the pure vibrational motion of a molecule, undergoes a 
periodic change and therefore, in general (though not always), 
the dipole moment changes periodically. Since, in the 
harmonic oscillator approximation, any vibrational motion of a 
molecule may be resolved into a sum of normal vibrations with 
appropriate amplitudes, the normal frequencies are the 
frequencies that are emitted or absorbed by the molecule under 
the influence of the external electromagnetic radiation. These 
frequencies usually lie in the near IR. 
We consider the transition between two levels v' and v" 
of the molecule interacting with the radiation field. Here v' 
and v" stand for the sets of the vibrational quantum numbers 
v', v', vJ, and vV, v!l, v,, of the upper and 
lower states respectively. The total eigen function is the 
product of the electronic, vibrational and rotational eigen 
functions: 
U^ ^ , = U U U (1) 
total e V r 
For a particular electronic (ground) state, when 
rotational effects are neglected, the total eigenfunction may 
be written as. 
U4. 4. n = U U total e V 
Considering that the electronic vrnve function is normalized to 
unity, the vibrational transition probability can be expressed 
as. 
[M]'' "" = / "v' "v" ^ <^^ ' (2) 
where U , and U „ are the vibrational eigen functions of the 
V V 
upper and lower states, respectively and M is the dipole moment 
v'v" 
vector with its components M , M and M . [M] is called 
the transition moment of the transition v' < ^v". 
The vibrational selection rules exist only when the 
molecule under consideration has elements of symmetry. It is 
clear that the integral of equation (2) can be different from 
zero for a certain transition when at least one of the 
components of the integrand U , U"*„ M remain unchanged for any 
of the symmetry operations permitted by the symmetry of the 
molecule in its equilibrium position or, in other words, when 
at least one of the quantities 
U , U*„ M , U , U*„ M , U , U*„ M 
v' v" X v' v" y v' v" z 
is totally symmetrical. This is the general selection rule for 
the virbational transitions in the infrared which is rigorous 
as long as the interaction with rotation and electronic motion 
is neglected. 
In the case of Raman scattering of light, the intensity of 
the scattered light depends on the induced dipole moment P per 
unit volume, which is represented by the matrix formed from the 
integrals 
r U„ P U dX 
'^  n m 
(3) 
where P is the vector whose components are given by 
p = a E + a E + a E X XX X xy y xz z 
p = a E + a E + a E y yx X yy y yz z 
p = a E + a E + a E 
z zx X zy y zz z 
(4 ) 
w h e r e , a , a , 
XX x y 
polarizability tensor a . 
are called the components of the 
The time independent part of equation (3) is 
^pO^nm / u P° u dX 
'' n m ^ 
(5) 
where P is the amplitude of P. The intensity of a Raman 
transition n < > m is proportional to the square of [P ] 
Substituting P from equation (4) we obtain for the 
components of [P ] : 
[pO]nm = ^o c u u* ^^ + EO f a U U* dT + E° Ca U U* dX 
"•x x j x x n m ^ y j x y n m z j x z n m 
|.p0^nm ^ j,o PQ, U U* d l + E ° p a U U* dX + E° f a U U* dX 
y x j y x n m y j y y ' ^ r n z j y z n m 
[pOjnm = ^o o^ U u''' dX + E° f a U U* d7 + E° f a U U* dX 
•• z-" x j z x n m y j z y n m z J zz n m 
(6) 
where E , E and E are the components of the amplitude of the X y z '^ ^ 
incident light wave and the integrals 
[a ]""^ = f a U U* dX, etc. (7) 
XX J XX n m 
are the matrix elements of the six conponents of the 
polarizability tensor. The diagonal matrix elements (n=m) of 
a or P° correspond to Rayleigh scattering, while the off-
diagonal elements correspond to Raman scattering that is, to 
transitions n -^: > m induced by the incident light. 
According to equation (6), a Raman transition n < ^ m is 
allowed if at least one of the six quantities 
r T nm r ,nm 
is different from zero. 
For vibrational Raman scattering we have to substitute for 
U and U vibrational eigen functions U , and U ,, of the upper 
n m ^ v ' V '^'• 
and lov;er states. Thus a Raman transition between two 
vibrational levels v' and v" is allowed if at least one of the 
six products 
a u , u „, a u , u „, , {8) 
XX V V xy V V 
is totally symmetrical, that is, remains unchanged for all 
symmetry operations permitted by the symmetry of the molecule 
in its equilibrium. 
The general (and rigorous) Raman selection rule may be 
stated as: 
"A Raman transition between two vibrational levels v' and 
v" is allowed if the product U , U „ has the same species as at 
least one of the six components a / a / of "the 
polarizability tensor". 
1.3 Vibrational Spectra of Amorphous Glass 
Zwanzig showed that, in a disordered system of amorphous 
materials, a phonon-like excitation (as in crystalline 
substances) can be defined using forces and momenta as the 
system coordinates and that such a concept is useful when 
10 
structural relaxation times are relatively long, just as in 
moderately viscous liquids and glasses. The existence of 
vibrational quantum states for glassy solids is, of course, 
required by their crystal-like behaviour of the heat capacity 
at low temperatures. In the long wave length limit, glasses 
like crystals, behave as elastic continua and well defined 
frequency ( w ) , wave vector (q) relations exist for both 
longitudinal and transverse waves. 
The lack of periodic symmetry, characteristic of all 
glasses, v;ill result in a broadening of the dispersion V7 (q) 
curves with increasing q corresponding to decreasing "phonon" 
life times. "Phonons" are well defined in amorphous solids; 
however, only a quanlitative difference in its behaviour with 
that of a crystal exists in that vitreous phonons do not 
9 
possess a well defined K-vector. Shuker and Gammon described 
Raman scattering of vitreous solids in terms of dielectric 
correlation theory and showed that there is a break down in the 
Raman K=0 selection rule* so that essentially all modes of 
vibrations are allowed. This leads to conclusion that low 
frequency Raman scattering in vitreous materials are first 
order processes. Again, since the glass form of solid is 
amorphous, there is no long range ordering and hence no 
selection rule preventing Raman active vibration from being IR 
active as well. Besides the Raman scattering is closely 
^The usual wave vector selection rule. 
11 
9 
related to the density of vibrational states which is the 
number of states per unit frequency range. 
At higher frequencies a phonon-like description is much 
less useful even in simplest network glasses which have complex 
spectral structures. Their crystal analogues typically have 
the order of 10 atoms per primitive cell , so that most of the 
vibrational modes are in optical branches. Moreover, because 
of the disorder broadening etc. it seeras that the only 
simplifications possible in describing the nature of the 
vibrational modes at high frequencies are a description of the 
principal atomic motions involved (e.g. B-0 stretching, Si-0 
stretching etc.) as suggested by Bell et al. 
1.4 Glass Transition in Amorphous Materials 
The glassy state is a non equilibrium state of matter. 
The term "amorphous" we take to be a general and consistent 
v/ith its Greek roots to be descriptive of any condensed phase 
v;hich lacks long-range order according to diffraction criterion 
(X-ray, neutron and electron). "Glassy" and "Vitreous" we 
consider to be synonymous and to be descriptive of a very 
restricted class of amorphous materials. A glass is an X-ray 
12 
amorphous solid which exhibits "glass transition" which is 
defined as "The phenomenon in v/hich a solid amorphous phase 
12 
exhibits v;ith changing temperature a more or less sudden change 
in the derivative thermodynamic properties such as, heat 
capacity, expansion coefficient, from crystal like to 
liquid-like values" . A glass transition is normally 
menifested by a marked change in viscosity, specific heat and 
thermal expansion coefficient within a narrow temperature 
interval. The glass transition temperature is the temperature 
T at which the viscosity of the material becomes very high 
13 . . 
(> 10 P). The high temperature side of T is nothing but the 
liquid state. 
1.5 Band Intensities 
(i) The observed Raman scattering intensity I , i \}) , of 
the stokes component, is given by, (according to Shuker and 
9 
Gammon ), 
loi^g(w) CO -fi/2u|[n(w) + 1]Z% %^^^ (9) 
where, gy.^ (^ 0 is the density of states for a vibrational band b; 
C, is the coupling coefficient v/hich represents derived 
polarizability tensor elements and depends on the band 
considered; n(w), which is given by, 
n(w) = [expC-fiw/KT) - 1]""^ (10) 
13 
is the Bose-Einstein. population factor. 
For the low frequency region, it is assumed that 
g^ (^w) oo w2 (11) 
Thus the reduced stokes Raman intensity , I^(w) can be defined 
R W[n(w) + 1 ] b 
(ii) Most infrared studies on glasses are performed using 
transmission technique. The infrared transmission minima obey 
Lambert-Bonguer's law: 
A = logd /I) = 0.434 a t (13) 
^ o' app 
where A is the absorbance or optical density at the minimum; 
I and I, the incident and transmitted intensities, 
respectively; a is the apparent absorption coefficient and 
t, the sample thickness. 
1-^ Random Network Model 
There is, in general, a lack of definitive structural data 
defining the geometry of real amorphous materials. However, 
concerning the A„X-. model, the rings are generally thought to 
14 
be irregular containing a wide variation of bond angles in any 
group of n-fold rings. This- situation is exemplified in 
Fig. 1.1 which shows schematically the continuous random 
13 
network model fxrst proposed by Zachariasen . Here each A 
atom (solid "dots") is coordinated trigonally to three X atoms 
(hollow "circles") and each X atom bridges between two A atoms 
with an A-X-A angle © that varies over a large range. This 
disordered system of corner sharing identical AX^ "triangles" 
has exact A^X^ stoichiometry and has a wide unspecified 
variation of ring sizes and configurations. 
1.7 Structural Rings in v-B^O^ 
An exceptional situation to the complex structure of 
Fig. 1.1 is found in boric oxide glass, v-B„0-,, for which there 
is increasing evidence that the structure consists of a network 
of planar B0_ triangles, many of them grouped together, in 
threes, to form planar B^O, "boroxol" rings. This situation is 
illustrated in Fig. 1.2, where three connections have been 
shov/n betv/een planar boroxol rings. The planar hexagonal units 
may be connected at their corners by means of a single oxygen 
bridge (i), a single planar BO^ triangle (ii), or a pair of 
such triangles (iii). The angles at the oxygen atoms (0) 
bridging betv/een planar units (rings or triangles) are assumed 
15 
Fig. 1.1 Schematic (Zachariasen) continuous random network 
model for the structure of AX-, triangles in amorphous 
glass (A^X^). 
-c^ 
Fig. 1.2 Schematic (planarized) diagram 
network in v-B^O-, based on B^O 2 3 Here 'O' is an oxygen atom and 
of the possible 
D-w- (boroxol) rings. 
'•' is a boron atom. 
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to be widely spread, whereas the oxygen angles within the rings 
are identical at 120°. NMR and diffraction studies have shovm 
that there must be some boron atoms (•) in v-BpO-, which are not 
members of boroxol rings. Although even larger number of rings 
might be joined by randomly oriented triangles, it seems 
consistent to assume that v;hen three triangles unite they will 
14 become planar leading to a boroxol ring 
1.8 Theory of Glass Network Dynamics 
While there is a substantial amount of experimental data 
on the vibrational properties of glasses from infrared and 
Raman studies, the theory concerned is in a much less developed 
state. The lack of translational invariance prevents the 
vibrational excitations being described by plane waves 
propagating from one unit cell to another. 
15 Sen and Thorpe introduced the nearest-neighbor central 
forces in the glass network, neglecting the other forces, such 
as, the angular deformation forces and the long-range Coulomb 
effects. These other forces are often much smaller and there 
is mounting evidence that most of the essential qualitative 
physics would be understood in terms of the nearest-neighbor 
central forces. 
17 
1.8.1 Connectivity matrix (Lagrangian formulation) 
The vibrational frequencies (w) of the network can be 
expressed in terms of the eigen values (E) of the connectivity 
matrix. The connectivity matrix of a network describes the 
topological properties of the network. 
VJe consider a fully connected network where each site has 
nearest-neighbor bonds to Z other sites. The connectivity 
matrix M is defined by its matrix elements, 
M. . 
ID 
1, if i and j are nearest neighbors, 
(14) 
0, otherwise. 
This matrix is real and symmetric and the eigen values (E) and 
eigen vectors V obey the equation, 
M V = E "V (15a) 
This equation would be written as, 
E Q(l') = E Q(l) (15b) 
V 
Here Q(l) = Z q (1), 
where, Q(l) is the "s"-like part of the displacement and q^(l) 
18 
represents the amplitudes of the displacements in generalized 
coordinates. Ifl' etc. denote sites and ^ , ^ etc. denote 
bonds. Because the connectivity matrix is positive, the 
theorem of Frobenius can be applied. Taking V to be a positive 
vector, all of whose elements are equal, the eigen values E are 
given by, 
|E| £ Z {16a) 
or, -Z _< E _< Z (16b) 
when some of the sites A have Z neighbors and some of the 
sites B have Z„ neighbors, we suppose that all the neighbors of 
A are of type B and vice versa. The chemical formula for such 
a netvrork would be A„^B„,. The connectivity matrix is again 
defined by equation (1). 
1.8.2 Potential energy 
It is convenient to refer all displacements along the bond 
directions rather than introduce an external coordinate system. 
The bond directions are described by unit vectors \ and the 
amplitude of the displacement by q as shov/n in Fig. 1.3. For 
the network of concerned glass, the unit vectors are q*(l) and 
the amplitudes of the displacements are the generalized 
coordinates q (1). The displacements q (1), q.i (1) are 
19 
Site 1 
Fig. 1.3 Non orthogonal two dimensional coordinate system used 
to describe the displacement of a particle at site 1 
to position P. q, and q„ are unit vectors; Qid) and 
q„(l) are the amplitudes. 
q^  
m 
F i g . 1.4 Coordinate system used for a tv/o-coordinatcd atoTft. 
The y ax i s b i s e c t s the angle between the tv;o bonds. 
associated with the same site, where as q .(1), q {!') are 
associated with the same bond. It is particularly simple to 
write down the potential energy V in this coordinate system: 
V = ^ a E [ q ^ d ) + q s ( i ' ) 3 ^ (17) 
<1,1' ,A> 
If there is more than one type of bond, then there will be more 
than one force constant a . The angular brackets below the 
summation mean that each bond is only counted once. 
1.8.3 Kinetic energy 
We consider two cases that correspond to (i) two - and 
(ii) three - coordinated atoms. 
(i) Two-coordinated atoms: 
A two-coordinated atom (Such as X in AX„) is shown in 
Fig. 1.4, where the mass of the atom is m and the bond angle 
is 9. The transformation between the orthogonal vectors x, y 
and the non orthogonal unit vectors q, and ^„ that lie along 
the two bonds is given by, 
^ = i5(^ ^ - ^2)/Sin e/2, 
(18) 
§ = l5(q-L + q2)/Cos 8/2. 
21 
If the atom is displaced from its equilibrium position, their 
corresponding amplitudes will transform in the same way as the 
unit vectors so that, 
X = (^q^ ^ - q2)/Sin 0/2, 
(19) 
y = 'sCq;!^  "^  q2)/Cos 6/2. 
The kinetic energy T can now be written as^ 
T = 32m(x^  + y^ + T}) 
or, T = Js m[a(q^ + q^) + ^\ + bCq^ ^ + q^^)^] (20a) 
where, a = (1 - Cos Q)~^, a+2b = (1 + Cos e)"-*- (20b) 
and the third generalized coordinate q^  = z. 
(ii) Three-coordinated atoms: 
A three coordinated atom (such as B in B^O^) is shown in 
the Fig. 1.5, v/here the mass of the atom is m and the angle 
between any two of the bonds is 6. The three vectors q, , q^  
and qo span the space. The x, y, z axes are set up in such a 
way that x axis is the projection of the q, axis on to the 
plane perpendicular to z. The angle made by z with either q,, 
q- or q^ is ot' so that 3 Sin t*/ = 4 Sin 8/2. The 
Fig. 1.5 Coordinate systen used for a three-coordinated 
atom. The ^ axis is shown. X axis is the 
projection of ^, axis onto the plane perpendicular 
to ^. ^ 
lb) 
--*, 
I 
I • 
I 
\ 
\ 
.-C' 
Fig. 1.6(a) Local order of B^O^ network of planar triangles. 
1.6(b) The skeleton network of Fig. 1.6(a). The 
skeleton determines the connectivity matrix. 
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transformation equations are 
q, = X S m a - z Cos CX, 
q^ = -A 2^ Sin a' + y(-|)Sina' - z Cos a', (21) 
„' ,'i/ 3 
^3 = -X h Sin a'- y(-|)Sin a' - z Cos a'. 
The amplitudes transform in the same v;ay as the unit vectors so 
that, 
q, = X Sin a' - z Cos a', 
q2 = -X is Sin a' + y( —)Sin a'- z Cos a', (22) 
3 
q^ = -X ^ Sin a'- y(—^)Sin a'- z Cos a'. 
The kinetic energy is given by, 
T = J^  m(x + y + z ) 
or, using equation (22), this becomes, 
T = h m[a'(q^ + ^2 "^  ^ S) + b'(<3i + ^2 ^ ^3^^^ ^^^^ 
v/here, a' = (1 - Cos Q)""^, a'+3b' = (1 + 2 Cos &)~-^ (24) 
It should be pointed out here that when 9 = 12 0°, the three 
24 
bonds become coplanar. In this case, a' = 2/3 and b' is 
irrelevant and can be set equal to zero, as there is the 
constraint, 
q^ + q2 + qj = 0 (25) 
that must be satisfied into the Lagrangian [defined by 
equation (27)] . 
1.8.4 Network of planar BO^ triangles 
14 F.L. Galeener and M.F. Thorpe considered a simplest 
model for v-B20^ wherein each B atom (mass M) is at the centre 
of equilateral triangle of 0 atoms (mass m), that is, BO^ 
triangles are in planar form. Each 0 atom bridges between tv/o 
B atoms and the planar triangles share corners only, not edges. 
This leads to the network shown in the Fig. 1.6(a). To treat 
the vibrations in such a system, the only basic force acting in 
the network is along the bond between two nearest neighbors and 
is denoted by a force constant a , other non central forces 
being considered zero. 
Thorpe and Galeener used the potential energy (equation 
17) and kinetic energy expressions (equation 23) in the 
Lagrangian equation of motion. 
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^ i ^ ) _ |L == 0 (26) 
where the Lagrangian is defined by, 
L({q^, q^}) = T((q^}) - V{{q^}) (27) 
Applying the Lagrangian equation of motion to the network 
concerned, they have shown that the central force eigen 
frequencies of the network of Fig. 1.6(a) are given by, 
^2 = («) + (3^) + [(3^)2 ^ (aCos_e 2 _ (i^!co^ i, ^28) 
m 4M — 4M m 2mM 
where E's are the eigen values of the connectivity matrix of 
the "skeleton network" of Fig. 1.6(b), which defines the 
essential topology of the glass. 
The eigen value spectrum of the connectivity matrix is 
bounded by, in accordance with equation (16), 
-3 £ E £ 3 (29) 
Using these limiting values in equation (28) leads to four 
limiting frequencies for the system of BO^ triangles, given by 
w? = (^ ) (1 + Cos e) (30a) 
1 m 
vl = (^ ) (1 - Cos 9) (30b) 
2 m 
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w? = {-) (1 + Cos 9) + {^) (30c) 
3 m 2M 
wj = (-) (1 - Cos 9) + (|^ ) (30d) 
4 m ZM 
These equations are linear in a and Cos 9 and are plotted as 
solid lines in the Fig. 1.7 v/ith dashed lines representing 
vibrational density of states (VDOS). 
This model of BO^ triangles, however, has been found to 
explain both the high frequency IR modes of AX2 tetrahedral 
glasses and the lower frequency dominant Raman lines 
1.8.5 Network of three fold rings of planar BO^ triangles 
In particular, if each planar-connected B of the network 
of Fig. 1.6(a) is replaced by a B^ O-, planar ring, one obtains 
the network of boroxol rings shov/n in the Fig. 1.8(a). The 
skeleton network of Fig. 1.8(a) is shown in the Fig. 1.8(b). 
The eigen values E' of the connectivity matrix of Fig. 1.8(b) 
are related to those of the connectivity matrix of Fig. 1.6(b) 
as follows: 
Using the amplitudes of the energy eigen functions A., a. 
and b. in the appropriate networks shown in the skeleton 
network of Fig. 1.9(a) and Fig. 1.9(b), Schrodinger equation 
for single nearest-neighbor interactions lead to ' the 
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1 v-r 
T / 
.i • 
Fig. 1.8(a) Schematic idealized B_0-, netv/ork of regular 
three-fold-ring-like B^O^ units. 
1.8(b) Skeleton network of the structure of Fig. 1.8(a) 
la) 
I 
(b) 
/ I 
/ I 
A, 
\ / 
V ^ 
Fig. 1.9 Comparison of the two skeleton networks of the two 
structures of Figs. 1.6(b) & 1.8(b). 
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aljebric relation, 
E A = A, + A„ + A , (31) 
o 1 Z J 
A similar relation for eigen values E' of the three-fold 
network of Fig. 1.9(b) at the site a^ is, 
^' -v^  - C.2 . "3 , ^ ^ 
Similarly, 
(32) 
or, (E'+l)a = A + b, (33) 
(34) 
where, a, + a^ + a-, = A , 
b^ 4- b2 + b3 = A^ 
and so on. Similarly we have. 
(E'+l)b-^ = ^1 •*" ^ 1 ^^^^ 
Eliminating b, from equation (33) and (35), we have. 
E'(E'+2)a^ = (E'+1)AQ + A^ (36a) 
E'(E'+2)a2 = (E'+1)A^ + A2 (36b) 
E'(E'+2)a3 = (E'+1)A^ + A3 (36c) 
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when equations (36) are added and combined with equations (34) 
and (31), it follows that, 
E'(E'+2) = 3(E'+1) + E (37) 
or, E' = h + {E + 13/4)^ (38) 
From the bounds on E (equation 29), it follows that E' are 
bounded by, 
-2 _< E' _< 0 
(39) 
1 £ E' £ 3 
Thus, there are two ranges of eigen values for the connectivity 
matrix of the skeleton lattice of Fig. 1.8(b). The limiting 
values E' = 2,0,1 and 3 apply to any network of rings (planar 
or puckered) v/hose connectivity matrix corresponds to the 
topology of Fig. 1.8(b). The vibrational eigen frequencies are 
found by substituting E' into equation (30), with E'=E, whose 
quadratic nature doubles the number of bands to eight values 
which are denoted by, 
-2'*', -2", 0"*", 0", 1+, 1~, 3"*" and 3". 
2 - + + 
The only (m/a )w values corresponding to 3 , -3 and 3 are 
solutions of equation (30) and they should retain in eqn. (37). 
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Fig. 1.7 Allowed frequency bands for central force vibrations 
of the network of planar BO^ triangles of Fig. 1.6. 
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Fig. 1.10 Allowed frequency bands for central force vibrations 
of the network of 630^ rings of Fig. 1.8. 
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The effect of introducing three-fold rings into the 
network of Fig. 1.6(a) is to further limit the range of 
frequencies where there can be vibrational response. The 
original bands are broken up into sub bands within the original 
limits. 
To evaluate the band frequencies for the special case of 
9 = 120° in the network of Fig. 1.8(a), we define. 
y^ = (m/a)ij'^ (40) 
A (3m/4M) + 1 
and B = (3m/4M) + 1/4 
(41) 
(42) 
It follows from equation (30) that. 
^ ) = h 
1 ) = A - [B + (m/4M)] 
0 ) = A - B' 
-2 ) = A - [B - (m/2M)] 
-3"^ ) = J5 + (3m/2M) 
-2^) = A + [B - (m/2M)]^ 
0 ) = A + B 
(43) 
(44) 
(45) 
(46) 
(47) 
(48) 
(49) 
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y^d"^) = A + [B + (m/4M)]^ (50) 
y^(3^) = 3/2 + (3m/2M) (51) 
These equations for band frequencies v/hen plotted are as shown 
in the Fig. 1.10. The frcquoncics hnvo boon caTc\i1ntod iisinq 
the value for the force constant, oc = 470 N/M and m/M = 11/10 
and shown in the first column of Table 2. 
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CHAPTER II 
EXPERIMENTAL DETAILS 
2.1 Sampling Procedure 
The boric oxide (B-O^), in powder form (obtained from BDH,. 
England), was first dehydrated by heating upto 170°C in a 
nickel crucible and then heated upto 950°C continuously for 24 
hours. It v;as then quenched rapidly to room temperature and 
pressed between two preheated stainless steel plates to prepare 
a desired thickness for Raman study. Just before using, the 
faces of the glass were grinded and polished with carborundum 
powder in three stages using different meshes of lower grades 
and then with 800 mesh and finally smoothened with soft cloths. 
For IR study, the glass was grinded into pov/der by 
morter-pestle made of stainless steel and prepared in the 
pellet form using pressed disc method. 
For the preparation of sodaborate glass, a measured amount 
of the boric oxide (B^O^) was taken in a crucible and 
dehydrated by heating upto 170°C for three hours. The 
appropriate amount (specified in the next chapter) of sodium 
carbonate (Na2C02), obtained from Sd. Fine Chem., Bombay, 
India, v/as then mixed with B„0^ and then the mixure was heated 
in the nickel crucible upto 1150°C continuously for 7 2 hours. 
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It was then quenched rapidly at room temperature and pressed 
between two preheated stainless steel plates to prepare the 
desired thickness and concentration. For scanning, it was used 
in the same way as before. The heating of the samples was done 
in an electric furnace. 
2.2 The Pressed Disc Technique 
For the preparation of solid sample the particle size of 
solids should ideally be less than the wave lengths of the 
incident radiation, so that refraction and reflection do not 
occur. Another benefit obtained by reduction of particle size 
is the minimization of the Christiansen effect which arises 
when the refractive indices of a solid particle and its 
surrounding medium differ appreciably. 
A small amount ( r^ one milligram) of solid sample is 
ground and mixed with /-^ 300 mg of high purity alkali halide 
(KBr is most widely used and has no IR absorption in the range 
400-3000 cm" ). Here the mixing is usually done to the extent 
that the particle size is smaller than the substrate particle 
size. The mixure is placed in a die and is pressed at a 
pressure of 12,000 lbs per square inch under evacuation to 
yield a transparent pellet or disc of desired size and shape. 
Lack of evacuation soon shows up as a pellet which will become 
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visually opaque in a short time, even when stored in a dry 
atmosphere. 
2.3 The Mull Technique 
The mull is prepared by grinding and dispersing the solid 
powder over to a mineral oil, usually Nujol which is a highly 
purified oil to make a very thin paste. Here the solid 
particles are suspended in the oil and the refractive indices 
of the solid and oil are matched. It is then squeezed into a 
thin: • layer between NaCl or KBr plates and mounted in the 
sampling area of the spectrophotometer. For compensation of 
the absorption bands due to Nujol, another arrangement of KBr 
plats v/ith few drops of the Nujol was placed in the reference 
beam. 
2.4 Care of the Sample Materials 
The boric oxide, B^O-j, is highly hygroscopic material. 
Even at very high temperatures hydroxyl groups may be present 
in it. However, just after the preparation of the samples, 
these were kept in the desiccator which was provided with dry 
CaCl2 to remove last traces of H2O from inside. Whenever the 
sample was used for scanning, the faces of the glass (for Raman 
Spectra) was again smoothened by carborundum powder and 
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polished with soft cloths. 
2.5 Raman Instrument 
The Raman spectra were recorded on Jobin-Yvon Laser Raman 
Spectrometer. In the basic Raman Spectrometer, the sample 
under investigation is subjected to irradiation from a suitable 
monochromatic laser source and the Raman spectrum is observed 
by the use of a system comprising, 
(i) a monochromatic light source 
(ii) a sampling compartment 
> 
(iii) a monochromator dispersing system 
(iv) a detecting system 
(v) a recording system 
(vi) a control unit. 
The block diagram of Fig. 2.1 shows the components of the 
basic Raman Spectrometer. 
2.5.1 Monochromatic light source 
The essential requirements of a light source for the 
excitation of Raman spectra are that it should be highly 
monochromatic (i.e., has a narrow line width) and capable of 
giving high irradiance at the sample. The gas lasers meet 
these requirements and provides a number of discrete wave 
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numbers of varying power. 
The Spectra-Physics Model 171 Argon ion Laser, equipped 
with Model 270 Pov/er Supply, provides a stable, high power 
excitation line v/idth of less than 0.001 cm . This offers a 
range of wave lengths v;hich are the following vvith the power 
outputs: 
Wave lengths (nm) Watts (Model 171) 
5 2 8 . 7 0 . 7 0 
5 1 4 . 5 3 . 7 5 
5 0 1 . 7 0 . 6 5 
4 9 6 . 5 1 . 2 0 
4 8 8 . 0 3 . 2 5 
4 7 6 . 5 1 . 2 5 
4 7 2 . 7 0 . 0 8 
4 6 5 . 8 0 . 0 5 
4 5 7 . 9 0 . 7 9 
4 5 4 . 5 0 . 2 0 
17 The Model 171 Argon ion laser system consists of (a) the 
Model 171 Laser head, (b) the Model 270 Power Supply Unit and 
(c) the separate Power Meter Fig. 2.2. The Model 171 Laser 
head is designed to minimum size and weight to take full 
advantage of the superior operating characteristics of the 
beryllium oxide plasma tube. The head contains the 
TM 
stabilite optical cavity resonator structure, the plasma tube 
and the plasma tube solenoid. A magnetic field is generated by 
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Fig. 2.2 Model 
Unit. 
171 Argon i 
on Laser with Model 270 Power Supply 
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the solenoid. It tends to force the electrons away from the 
walls of the tube. Since the electrons are not lost as quickly 
to the walls, there is a shift of energy distribution of the 
free electrons toward higher values. The Argon atomic levels 
can only be populated through collisions with electrons having 
at least the energy of the state being exicted. Thus the 
result of the magnetic field is a stronger population 
inversion. 
The plasma tube is conduction-cooled. All heat is carried 
away by cooling water v;hich is in direct contact with the 
plasma tube. 
The Model 171 Argon ion laser requires water for cooling 
its transistor pass bank, magnetic field solenoid, and plasma 
tube. The cooling system Fig. 2.3 is designed to operate with 
water temperatures as high as 35°C and requires a flow rate of 
0.22 litres/second (3.5 gallons per minute) at a differential 
2 2 
pressure of 450 KN/m (46 Kg/cm , 65 psi) when operating at 
full pov7er. 
2.5.2 Sampling compartment 
Here the conventional 90° system where the laser beam 
passes normally to the direction of view, has been used. The 
sample compartment is as shown in the Fig. 2.4(a). The 
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component (1) receives the different sets of interference 
filters and half wave plates; (2) laser shutter (symmetrically 
mounted on the support and controlled by the scan controller) 
prevents blinding the detector with the excitation line ^ and 
closes automatically at the chosen value AV and remains 
closed between V^ - A.^ and V + AV i 3(a) & 3(b) are the 
mirrors for correct alignment of the laser beam in relation to 
the sample compartment axis; (4) is a laser beam focusing lens 
which adjusts the convergence of the beam at the sample 
(Fig. 2.4a); (5) x-, y-, z-orientation sample holder; (6) 
Benoist-Berthiot f/1.8 light collecting lens of 80 mm focal 
length with translational adjustment, it collects Raman light 
scattered from the sample; (7) is a lens adjustment knob; 
(8) analyzer; (9) scrambler, or quarter-wave plate (the 
analyzer and scrambler are two accessories required for 
measuring depolarization ratios); (10) spherical mirrors with 
adjustments increase intensity of lines with transparent 
samples; (11) protective housing. 
The collimating mirror (1) Fig. 2.5 is mounted on its 
support (2) with Rayleigh type adjustment (3). It is placed at 
45° between the monochromator entry slit and the collimating 
lens of the macro sample compartment. The optical ray diagram 
is as shown in the Fig. 2.4(b). 
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Fig. 2.4(a) Sampling compartment for Laser Raman Spectrometer 
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F i g . 2.4(13) O p t i c a l r a y d i ag ram f o r t h e s'ample compar tment 
of F i g . 2 . 4 ( a ) . 
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W g . 2.5 colligating Mirror Syste™ for the Ra.an Spectrometer. 
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2.5.3 Monochromator dispersing system 
Jobin-Yvon Ramanor U 1000 is a typical double 
monochromator designed for spectroscopic applications that 
require high resolution and extreme stray light rejection 
The optical layout of the monochromator dispersing system for 
the study of Raman spectra is shown in the Fig. 2.6. The two 
identical monochromators are in an additive mount equipped v/ith 
plane holographic gratings. Each monochromator features an 
asymmetric Czerney-Turner mountings equipped with two slits 
which open symmetrically. The two gratings are mounted and 
rotated on a single horizontal shaft which is parallel to the 
grating grooves. The exit slit F^ of the first monochromator 
is imaged on the entrance slit F-, of the second monochromator 
by the coupling concave mirror MC^. The optical paths are 
diverted by the mirrors M,, M_, M- and M. . The front surface 
concave mirrors MC,, MC„ and MC. are used to collimate the beam 
and refocus it for dispersion by the gratings. The holographic 
gratings have 1800 grooves per mm in the standard version. 
Finally the exit slit F. allows, from the dispersed beam, 
only a narrow wave number band to reach the detecting system. 
The Model Ramanor U 1000 (with gratings 1800 grooves/mm) 
has the following specifications: 
Type : Double monochromator 
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Grating size 
Resolution 
Dispersion 
Stray light rejection 
Spectral range 
Scanning wave number 
accuracy 
Reroducibility 
Slits 
Every slit hight 
110 X 110 mm^ 
0.15 cm on the Hg line at 
5791 A. 
9.2 cm per mm at 514.5 nm. 
lO""^ ^ at 20 cm"-*" from the 
Rayleigh line. 
440-750 nm (22700-13500 cm'-*") 
+1 cm over 5000 cm 
better than 0.1 cm 
4(four) independent slits 
manually adjustable from'0 upto 
3 mm. 
adjustable from 0 upto 30 mm 
(usable height upto 18 mm). 
2.5.4 Detecting system and recording 
For spectral intensity measurement, the photo-emissive 
cell is the best of all and linear over widely different 
intensities of illumination. 
In the form of the electron multiplier the photo-emissive 
cell promises to be most widely used , This photo emissive cell 
is equipped with electronic DC amplifier in a single envelope. 
The basic principle (Fig. 2,..7) is: the phenomenon of 
secondary electron emission from a treated metal surface. A 
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single primary electron, ejected by the photon falling on the 
cathode C from the exit slit of the monochromator (Fig. 2.6), 
may give rise to a large number of secondary electrons. These 
electrons are accelerated towards a number of electrodes to 
which increasing voltages are applied. The electrons from the 
final electrode are collected at the anode A whence they are 
conducted away and measured as photo current signal , The 
overall amplification may be about a million for a typical 
photomultiplier tube (PMT). 
The photo current signals are converted electronically 
into digital counts which show up on the counter display. 
Synchronous scanning of the monochromator and of X-Y 
recorder is accomplished through stepping motors and scan 
controller which generate the drive pulses for both the 
operations. By selecting the scan rate and scan range the 
logic circuit supplies the proper pulse rate to each motor, 
thus obtaining the Raman spectra on a recording sheet. 
2.5.5 Scan control unit 
The wave number scanning is controlled by the 
microprocessor based scan controller (Spectra Link) including 
the following: 
(a) Absolute or relative wave number display 
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(b) Wave number scan speed selection in cm /min 
(c) Repeatative scan 
(d) Recorder control 
(e) Laser shutter control. 
2.6 IR Instriiment 
The IR spectra were taken on the Shimadzu IR-4 08 Double 
Beam Grating Spectrophotometer. 
2.6.1 The Shimadzu IR-408 spectrophotometer 
The model IR-408 works on the principle of optical null 
method in the region 650-4000 cm . The optical system is 
shown in the Fig. 2.8. This .auitomatically records the percent 
transmittance of the sample at different wave numbers. An IR 
radiation emitted from the source is divided into tv/o beams, 
the sample beam and the reference beam. The sample beam passes 
through the sample, then through a trimmer. In the reference 
beam there is a wedge-type optical attenuator. Both beams pass 
through an identical path and are dispersed by diffraction 
grating G. Then both the beams are alternately focussed on a 
receiving surface of the detector. If certain sample has a 
charcteristic absorption in a particular range of wave number, 
the intensity of the sample beam will be attenuated by its 
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absorption and it causes an optical unbalance of energy between 
the two beams, which produces an alternating current signal 
corresponding to the rotational frequency of the sector mirror. 
This signal is amplified, then synchronously rectified by a 
reference signal produced synchronously with the rotation of 
the sector mirror. The servo motor runs until an optical 
unbalance of energy between the two beams disappears, then 
stops at a position where the alternate current signal from the 
detector becomes zero. 
Light source used here is a Globar (Silicon carbide). 
Lighting temperature is about 1300°K and power consumption is 
65 W. 
The Model IR-408 utilizes only the first order diffraction 
light. The detector, high sensitivity vacuum thermo couple 
with a KR S-5 window, converts incident photon signal to an 
electrical signal. 
Wave number accuracy : +3 cm (in the range 
2000-650 cm"""-). 
Resolution : Depends on gain and light 
source. 
Reproducibility : 0.5 cm (approximately). 
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2.7 Scan of IR Spectra 
IR spectra of both B^ O-. and "sodaborate glasses were taken 
both in Nujol Mull and in KBr matrix. The samples were grinded 
to powder and after dispersing it in Nujol,were smoothened to 
obtain optical homogenity. It was then kept between NaCl 
plates and finally placed in the sample holder for scanning. A 
small portion of the grinded sample was also mixed with KBr and 
was pressed at a pressure of about 12,000 lbs per square inch 
in a hydraulic press to make a pellet which was used in the 
sample holder for scanning. 
2.8 Scan of Raman Spectra 
The sample (BpO^ or soda borate) glass prepared in the way 
discussed in the section 2.1, after surface smoothening and 
polishing, was placed on the sample holder and scanned in the 
conventional 90° system. The strongest line of Argon ion laser 
line 5145 A was used. The Raman spectra were taken only in 
solid glassy form of the samples. 
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CHAPTER III 
BORIC OXIDE RSD SODA BORATE SPECTRA 
3.1 Raman Spectra of Boric Oxide Glass 
1 
Extensive investigations on the vitreous v-B20o at room 
temperature and also at low and high temperatures had been 
carried out in the past using different techniques: Raman 
19 20 21 22 
scattering , IR absorption , NMR and X-ray diffraction 
The sharp Raman line at 806 cm , assigned to the symmetric 
breathing vibration of the boroxol ring, had been examined for 
19 the glass from -196°C to 35°C and for molten B2O3 from -196°C 
to 1594°C. It has been confirmed that the position of this 
24 intense polarized Raman line (depolarization ratio, p f^ 0.05) 
is remarkably constant varying from 809 cm to 800 cm in the 
temperature range of -196°C —1594°C. It has been shown that 
the half width (FWHM) increase observed (Fig. 3.1) with 
temperature rise reflects an increase in the distribution of 
boroxol rings due to thermal excitation, i.e., the distortions 
25 
m the boroxol ring structure. White et al. have observed 
that the half width of 801 cm line increases as the Raman 
intensity decreases for Lithium borate glasses. Also the 
ratio, r^ = 8^0o/'^ 300-800 (^ ^^ ^^  •'•800 "^^ ^^^ integrated 
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intensity at 801 cm and I^on-POn ^^ ^^^ total integrated 
intensity from 300 to 800 cm ) plotted against temperature 
(Fig. 3.2) decreases to a low value near 1600°C. This 
27 indicates that IQQQ decreases since lonn.oQQ has been found 
to be independent of temperature, which shows that the boroxol 
ring concentration decreases to a low value at higher 
temperatures. At higher temperatures, near 1600°C, the 
levelling of half width curve occurs (Fig. 3.1) and this also 
shows, in accordance with r. decreasing, that boroxol ring 
concentration decreases. Hence the increasing half width at 
-1 
801 cm IS related indirectly to the ring breakage. It also 
means that integrated Raman intensities lonn ^.re related to the 
boroxol ring concentration and an equation of the form. 
(h-r^) T+C 
where A, B and C are constants, has been found to fit the r. 
1 
data accurately from -196°C to near 1600°C. 
It is, therefore, established that the concentration of 
boroxol rings decreases with increasing temperature in the melt 
causing a breakdown of the boroxol rings. Also it has been 
confirmed that at room temperature, v-BjO., structure comprises 
of nearly equal proportions of boroxol rings and BO^ 
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23 triangles . A random Boron-Oxygen network with a high 
proportion of boroxol rings is shown in the Fig. 3.3. The cage 
like structures shov7 various shapes and sizes of rings in 
v-B„0^ and this random distribution of mass, simulates the 
disorder in the glass state. 
In the Fig. 3.4, the spectra of V-B2O0 at temperature 
490°C and 1152°C have been reproduced from Ref. 19 for better 
understanding. The change in the Raman intensity described for 
the 801 cm line and other changes are noticeable. A general 
loss of structural detail is evident on both sides of the 
801 cm line. 
In the present work, the Raman spectra of V-B2O3 was taken 
(Figs 3.5 & 3.6) at room temperature. Argon ion laser line 
5145 A, v;hich is the strongest of the wave lengths available in 
it, was used to excite the Raman spectra of the sample with 
power of 800 mw for the range 100-900 cm" and 4 00 mW for the 
range 100-1600 cm . Through many trials, it has been observed 
that lower laser power could exicte only a few lines including 
the main dominant Raman line at 809 cm and the sharpness and 
position of this line has been confirmed. The band is assigned 
to the symmetric stretching mode (so called breathing motion) 
of Boron-Oxygen haxagonal ring structure. Its full width at 
half maximum (FWHM) has been found to be 16 cm . Table 1 
60 
Fig. 3-3 Cage like boroxol 
temperature. 
ring structure of v-BpO^ 
Arrows show librational motion. 
at rocm 
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1400 600 
V (cm~-^ ) 
400 
Fig. 3.4 Raman spectra of molten B2O3 at 490°C and 1152°C 
(taken from reference 19). 
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•H 
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•p 
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H 
100 400 ^ (cm-^) 
r 
800 
-1 Fig. 3.5 Raman spectra of v-B^O^ in the range 100-900 cm at 
room temperature. 
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shows the relative intensities of different bands for the two 
spectra of Figs 3.5 & 3.6. The band at 809 cm" is highly 
intense, which indicates the dominating nature of B„0_ matrix. 
According to the nearest-neighbor central force model of 
Chapter I, Eqns (43)-(51), the modes of vibrational frequencies 
have been calculated and compared with the experimentally 
observed frequencies in the Table 2 together with those 
obtained by other workers. 
The other important Raman band near 587 cm shows 
distinct features such as the evidence of significant shape 
changes and relative intensity enhancement at elevated 
19 temperatures . The band is assigned to a motion of B0-, 
triangles, which is a deformation mode. The low frequency 
—1 28 
bands below 300 cm have been explained as due to 
cooperative motions of the whole structure, C9mprising a mixed 
BO^ triangular and boroxol ring network, where as the 809 cm 
peak is an internal mode. The band at 147 cm is associated 
33 
with librational motions of boroxol rings. The analysis 
shows that the low frequency wing scattering in B„0-^  is due to 
first order scattering from highly populated intermolecular 
vibrational states (phonons). The other bands are assigned to 
general motions, such as, the weak band at 720 cm corresponds 
to BOB bending, 505 cm to rocking motion of BOB linkages 
65 
Table 1 Relative intensities of Raman bands in B O^. 
100 - 900 cm -1 800 - 1600 cm •^* 
(cm-1) Intensity (arb. units) 
147 20 
262 12 
410 25 
460 15 
505 30 
587 55 
685 35 
720 7 
755 8 
809 180 
(cm-1) Intensity (arb. units) 
809 130 
1044 15 
1125 35 
1195 15 
12 45 8 
1305 25 
1375 30 
1453 40 
1534 25 
1580 20 
'This data is from the spectra of Fig. 3.6 
66 
£1 
4J 
i w 
0 
U) 
u 0) 
Xi 
g 
0 
c 
Q) 
> (0 
^ 
-P 
c Q) 
tfl 
(D 
M 
a. 
0) 
x; 
+ j 
4-1 
0 
,'-' 
c 
0 
w 
•H 
M 
03 
Ch 
e 0 
u 
T3 
c • (0 (fl 
OJ 
*• u 
^"^c 
o (U CNVJ 
CQ cu 1 m 
> (U 
M 
t H 
0 u 
<u in x; 
•d - p 
d o fd 
X! (U 
x: 
« -P 
H 
x: 
-a • p 
c •H 
rO 5 
C tfi 
n3 X i 
H c (0 en Cci Xi 
Q) 
H 
XI 
EH 
-P 
c 0) 
W 
QJ 
M 
a, 
ro 
O 
(N 
CQ 
I <N 
> ro 
• 
m 4^ 
o OJ 
« 
-•^-^ H 
1 
e u -H 
"-' m 
en • 
• t i m C OJ (0 « 
XI 
p:5 
H 
o 
ro 
. 
4-1 
<D 
K 
n 
O 
CM 
PQ 
I 
> 
o 
o 
•a 
c 
X! 
c 
g 
m 
0) 
0) 
CM 
4-4 
QJ 
Pi 
O 0 
x; (0 
EH' > 
X3 
o 
H 
00 
1 
O 
> 
• <> 
'"» > (fi XJ 
o o o o O LD 
'cn cN o i n O CM 
00 O CN •^ M (M 
H r H r H CM m 
in o o VD in cN 
•<* vo r~--
in o 
>x> o 
CM " * 
n ro "* m 
<D O i n rH 
• ^ i n Ko r^ 
00 t^ 
in o 
CM ' ^ 
<M 
T * O r^  00 [^ i n • ^ VD O 
^D O 1 o "^ f ro cTv VO o 
• * i n t ^ 00 cj^ o o CM •^ 
r H rH H r H r H 
t ~ ~ c M O o i n r ^ t n o i n c n 
• ^ ^ D H i - D O O O O O C M i n o 
r H c M ' * ' 3 < i n i n v D r ~ r ^ o o 
• ^ i n L n i n i n i n n ' ^ o 
' * c M c r i ' : j < o r - i n n o o 
O i H r H c M r n r o ' ^ j ' t n L n 
r H r H r H i H i H i H r H i H t H 
O o o o o t n o i n rH 
CMix>O<£><3~i00inCM O 
rHcM'^ '* '= f invDr~- 00 
o 
o 
o o o 
o in CM 
CM CM r o 
o o in 
r - >X> r H 
•^ i n <x> 
iH H rH 
in o 
• H CM 
o o o o 
r~- o rH r -
'^ in vo ix> 
O CO 
in o 
r - 00 
o 
CO 
o 
o o in 
rH >x) rsi 
CM CM ro 
•H H rH 
tn in 
.H 
o i n 00 CM 00 o T i n <T> 
r- t-^ r^j 00 00 rH o r - o 
«:f i n VD r~ O H CM CM CO 
rH rH H rH rH 
67 
v/ithin the network . The band near 1245 cm corresponds to 
B-0 bond stretching vibration of the boron sub-lattice against 
34 -1 
the oxygen sub-lattice . The bands near 1534 cm may be due 
19 -1 
to BOH bending ; 1375 and 1453 cm bands may be interpreted 
35 in analogy with the situation reported in v-BeF„ and vitreous 
Arsenic Oxide (v-ASpO->) as longitudinal and transverse 
optical modes, respectively. Normally, BH^ deformation 
41 -1 
occurs in the range of 1140 - 12 05 cm and thus the bands in 
this range here may be due to BH„ deformation (surface effects)* 
3.2 IR Spectra of V-B2O2 
The IR spectra of v-B-O^ is shown in Fig. 3.7 in the range 
of 650-4000 cm . The band near 800 cm is very broad 
(770-810 cm ) and arises as due to the internal mode of B^O^ 
hexagonal structure. The sharp peak at 1200 cm has been 
assigned as B-0 bond stretching mode of the boron sub-lattice 
against the oxygen sub-lattice. The bands at 1450 and 
3225 cm are both attributed to boric acid formed at the 
37 
surface of B20^ (Boric Oxide) . The wave numbers of the IR 
bands have been shown in Table 2 for comparison. 
3.3 Raman Spectra of Soda Borate Glass 
The pure glasses in the system of 62©^ — x M^O : '[iwhejre. 
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M = Na, Li, K, Cs, Rb and Tl] have been investigated by 
various branches of spectroscopy, particularly by means of 
op 
Raman scattering . These investigations show that addition of 
alkali oxide M^O to B„0-. matrix causes a progressive change of 
the Boron atom coordination number from 3 to 4 and results in 
* 
the formation of various cyclic units (diborate, triborate, 
metaborate, tetraborade, pentaborate, orthoborate etc. 
Fig. 3.8). Most of these units contain both three and four 
coordinated Boron atoms and the relative concentration of these 
depend on the M„0 content in the system. Addition of M^O to 
B„0-, causes a change of the Boron atom coordination number 
according to the scheme: 
— 0 
. / 
/ 
\ 
\ 
+ M2O •> 2 -0 
I 
0 
I 
B — 0 — 
?• 
+ 2M (52) 
39 NMR data shows that for a given x in the range 0<x<0.5, 
the proportion of BO. groups is the same in all alkali borate 
glasses. All of the BO, units are characterized by a Raman 
band at 760 - 780 cm and assigned to the symmetric breathing 
vibrations of the six membered rings containing both BO, 
triangles and BO- tetrahedra. The intensity of the band 
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increases with increasing x in detriment to the peak of 
-1 40 
806 cm due to boroxol rxngs of B^O^ matrix . The analysis 
also shows that the 806 cm band which has the characteristic 
of the breathing vibration of boroxol cycles starts to 
disappear with increasing (x) concentration of MjO. 
However, a systematic study demonstrates that the 
progressive vanishing depends on the alkali ion; at smaller x 
values, the line 806 cm tends to disappear as the ionic 
radius of M increases. This is compatible with an increase of 
the dimensions of the borate edifices (di-, tri-, tetra-, etc. 
borate groups) (Fig. 3.8) with increasing sizes of M . 
In this work vibrational Raman spectra of sodaborate glass 
has been studied in the range 700 - 900 cm . This range is 
particularly of special interest, because the B20-« matrix has 
the characteristic structure of planar hexagonal B^O, rings, 
which gives rise to a totally symmetric stretching vibrational 
band at 806 cm . The band is very very sharp and intense and 
from very low temperature to high temperatures, the position of 
this band remains nearly constant (within jf5 cm ) . The other 
bands are very weak in intensity as could be seen from Fig. 3.4'. 
Above all, the band at 806 cm" represents the B„0-. matrix 
having 50-60% boroxol rings giving rise to the band. 
72 
Again the conduction mechanism in the soda borate glass is 
also of keen interest. 
The Fig. 3.9 shows the Raman spectra of boric oxide (620^) 
and soda borate glass for the system (1-x) B-O,.. x(Na„0) with 
composition x = 0.10, 0.15 and 0.25 in the range 700-900 cm 
Addition of Na^O to B^O^ cuases a remarkable change of the band 
809 cm of v-B^O^, as is evident from the figure. Splitting 
of the band at 809 cm starts at x = 0.15 and clear splitting 
of this band occurs at x = 0.25, giving rise to two bands at 
772 and 803 cm . This splitting shows and confirms the 
formation of diborate groups having B0-, triangles and BO. 
tetrahedral units according to the chemical reaction of Eqn. 52. 
The reaction. 
/ ^ 
— 0 
/ 
\ 
\ 
+ Na20 
I 0 
I 
•0 •—B — 0 — 
I 
0 
I 
+ 2Na 
also shows the liberation of sodium (Na) cations. The band at 
772 cm corresponds to the symmetric vibration of B-0 
stretching in BO^ units withift the'diborate..group. 
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3.4 IR Sepectra of Soda Borate Glass 
Infrared spectra of soda borate glasses in the range 
650-4000 cm for three different concentrations of sodium 
oxide were taken which are shown in the Fig. 3.10. The 
absorption fxiequencies are listed in the Table 3 and compared 
with those of the crystalline state spectra of soda borate 
42 
obtained from reference 
In regard to inorganic borate systems and depending on 
elaborate studies on the infrared absorption spectra of alkali 
borate glasses, the B-0 stretching mode of 3-coordinated boron 
occurs within 1200-1400 cm" (Refs. 10,34) and BOB bending 
occurs near 700 cm . However, the absorptions in the range of 
900-1100 cm occur in these glasses containing tetrahedral 
borons and are assigned to B-0 stretching of the four 
coordinated borons. 
If we compare the pure IR spectra of v-B^O-, with those of 
soda borate of three different concentrations (x = 0.10, 0.15 
and 0.25) in the system of (1-x) B20,.xNa20), we see that the 
broad band near 800 cm of v-B-O^ tends to disappear as the 
Na„0 content increases, which indicates the formation of 
diborate groups. The new bands in the range 900-1100 cm 
(that were not present in the spectra of v-B„0->) has appeared, 
which shov;s the appearance of BO. groups in the glass giving 
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Table 3 Wave numbers of IR spectra of Soda borate glass and 
corparison with those of crystalline & v-B„0^. 
Soda borate glass (cm ) SB Cryst. 
(cm-1) 
v-B^O 
(cm--L) *x = 0.10 X = 0.15 X = 0.25 
700vw 700vvw 700vw "":-;: u-v.: 
785wb 785w 790VWS 770-800vb 
890w 890vw 890 W W 890ws 
925s 920s 920vs 925 
1020s 1020wb 1020s 1020 1020VVW 
1105s llSOvw 1100s 1120 
1200VS 1200VW 1200VW 1190 1200VS 
1350W 1380s 1350wb 13 50 
1440b 1450s 1440wb 1490 1450vb 
2300 2300 
2800 
2300 2300 
3225 3225 3250 3225 
*x = concentration of Na20 in B^O,; SB = Soda borate; 
V = very; w = weak; s = sharp; b = broad. 
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rise to B-0 stretching mode. 
3.5 Discussion 
The vibrational Raman and IR spectra of vitreous 620^ and 
soda borate glasses have been studied. The very sharp and 
highly intense Raman band at 809 cm represents the amorphous 
B„0^ network. The symmetric stretching mode of B-0 hexagonal 
ring shows the presence of the boroxol rings from 50% to 60% in 
concentration. 
The v-B^On glass has been used as a good matrix and 
addition of Na„0 to it causes a change in the structure due to 
the formation (in detriment! of hexagonal boroxol ring) of BO. 
tetrahedral unit and B0-. triangles, enhancing the edifice of 
the ring to form diborate group with the liberation of sodium 
cations, Na . The liberation of the ions increases the 
conductivity of the glass. 
The ionic conductivity may simply be given by, 
6" = N e Z ;j, 
where, N is the density of the mobile ions, eZ represents 
charge and }i the mobility of ions. Any variation in the 
conductivity of the system of (1-x) B^O^.x N„0 with varying 
Na content is attributable to the variations of N and yL. This 
80 
means, an increase of N and y, with increasing Na content is 
expected. 
3.5.1 Short range order in glass 
Following the nearest-neighbor central force model first 
15 introduced by Sen and Thorpe , no information can be obtained 
about the short range order in amorphous glass. However, the 
43 
elastic continuum model of Martin and Brenig gives 
expressions for the frequency dependent coupling coefficient 
C, (w) that is relevant for low frequency vibrational modes. 
This coupling coefficient C, is directly related to the 
observed Raman intensity through the relation (Eqn. 12, 
Chapter I) and also to the short correlation range (SCR) in 
glass structure according to Martin-Brenig model. Thus a good 
deal of informations about the short correlation range which 
represents the extent of short range ordering in glasses, can 
be obtained along with other structural parameters. 
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